SUMMARY: The present work attempts to study the spatio-temporal distribution of Mullus barbatus and M. surmuletus in the Mediterranean Sea by using a time series of data from an international bottom trawl survey that covered a wide area of the Mediterranean Sea. The experimental surveys were accomplished annually from 1994 to 2000 on approximately 1000 pre-defined sampling stations distributed in 15 major areas. Selection of stations was based on a depth-stratified random sampling scheme that included five depth strata: 10-50, 50-100, 100-200, 200-500 and 500-800 m. The examined species were found throughout the studied region, mostly in depths down to 200 m. Abundance differences among major areas were found to be statistically significant and were attributed to the different exploitation patterns, as well as the different abiotic and biotic conditions prevailing in each area. Although both species undergo high fishing pressure, results did not demonstrate any decreasing trends in their abundance indices suggesting the existence of a good stock-recruitment relationship over the studied period. However, the dominance of young fish that has been found, makes the stocks highly vulnerable to recruitment changes; hence protection of spawning and nursery areas seems to be essential for their conservation.
INTRODUCTION
The red mullet (Mullus barbatus L., 1758) and the striped red mullet (Mullus surmuletus L., 1758) are common demersal fish of the Mediterranean Sea, mostly found in depths down to 200 m. The red mullet inhabits sandy and muddy bottoms and is distributed all around the Mediterranean basin, including the Black Sea, and also in the eastern Atlantic from Scandinavia to Senegal (Fischer et al., 1987) . The striped red mullet is generally found on bottoms with heterogeneous granulometry and often in Posidonia beds. Apart from the Mediterranean, it inhabits the Eastern Atlantic from the North Sea to Senegal (Fischer et al., 1987) .
Both species have a high commercial value and are the main target species of many demersal fisheries operating in the Mediterranean Sea (Hadjis- SURVEY (1994 SURVEY ( -1999 . P. ABELLÓ, J.A. BERTRAND, L. GIL DE SOLA, C. PAPACONSTANTINOU, G. RELINI and A. SOUPLET (eds.) Distribution of Mullus barbatus and M. surmuletus (Osteichthyes: Perciformes) in the Mediterranean continental shelf: implications for management* tephanou, 1992; Stergiou et al., 1992; Caddy, 1993; Fiorentini et al. ,1997; Relini et al., 1999) . It is generally considered that their stocks undergo high fishing pressure, which is in most cases directed towards young fish (Larrañeta and Rodríguez Roda, 1956; Hadjistephanou, 1992; Stergiou et al., 1992; Vassilopoulou and Papaconstantinou, 1992a, b; Vrantzas et al., 1992; Farrugio et al., 1993; Demestre et al., 1997; Voliani et al., 1998b) .
In the past, several authors have studied the distribution of M. barbatus and M. surmuletus in different Mediterranean areas and have commented on their bathymetrical distribution (Suau and Vives, 1957; Gharbi and Ktari, 1979; Vassilopoulou and Papaconstantinou, 1992a; Golani, 1994; Tursi et al., 1994; Machias et al., 1998; Reli- (1994) (1995) (1996) (1997) (1998) (1999) . Not sampled strata are indicated by '*'. Values higher than 10000 individuals/km 2 are presented in bold. 1839 1796 157  0  0  4657 958 335  0  0  5139 577 440  0  0  221c  N Ionian Sea  63  8  0  0  0  86  0  0  0  0  962  0  0  0  0  221d  N Ionian Sea  *  0  49  0  0  922  0 100  0  0  0  0 175  0  0  221e  SW Adriatic Sea  0  6  27  0  0  *  0  21  0  0  0  0  3  0  0  221f  SW Adriatic Sea  0  0  0  0  0  8  0  0  0  0  7  0  0  0  0  221g  SW Adriatic Sea  100  0  42  *  0  0  0  0  *  0  0  0  0  *  0  221h  SW Adriatic Sea  69  0  57  0  0  49  0  26  5  0  1147  0  0  23  0  221i SE Adriatic Alban * 0 * * * * * * * *  1307 427 101  1  0  222a  E Ionian Sea  103 1103  0  0  0  35 635 272  0  0  563 620  23  0  0  223a  Argosaronikos  19  0 144  0  0  5271  26  0  18  0  1849 855 144  0  0  224a  N Aegean Sea  1374 768 385  0  0  514 350 403  11  0  1267 454 398  0  0  225a  S Aegean Sea  907 1633 466  3  0  356 388 234  22  0  252 1290 242  70  0 ni et al., 1999; Tserpes et al., 1999; Lombarte et al., 2000) . However, the use of different sampling schemes did not allow direct spatio-temporal comparisons that would give a much better picture of their distribution pattern in broad Mediterranean areas. In general, the horizontal distribution of Mediterranean fish populations has been poorly studied and the existing information is scarce (Farrugio et al., 1993) . The main objective of the present work is to examine the distribution of M. barbatus and M. surmuletus in the Mediterranean through the utilisation of a time series of data from a standardised international Mediterranean bottom-trawl survey (MED-ITS). Our findings are discussed in relation to a rational management scheme for the Mediterranean M. barbatus and M. surmuletus resources.
MATERIALS AND METHODS

Sampling
Within the frame of the "MEDITS" project (Bertrand et al., 2000 (Bertrand et al., , 2002 , six annual bottom trawl surveys were performed from 1994 to 1999 in the Mediterranean Sea, covering 40 sub-areas localized in 15 major areas (Table 1) . The surveys, which were mainly aimed at obtaining estimates of relative abundance indices for a series of target species, were accomplished from late spring to middle summer and each included sampling at approximately 1000 pre-defined stations. Trawling was made by means of a standard net GOC 73 having a cod-end mesh opening of 20 mm. Selection of stations was based on a depth-stratified sampling scheme that included (1994) (1995) (1996) (1997) (1998) (1999) . Not sampled strata are indicated by '*'. Values higher than 10000 ind./km 2 are presented in bold. Sea  154 121  69  0  0  84 615  81  0  0  144 233  21  0  0  112a  Alicante  37 270 145  0  0  544 336  29  0  0  636 254 155  13  0  113a Catalan Bertrand et al., 1997 Bertrand et al., , 2000 Bertrand et al., , 2002 .
Data analysis
From the collected data, relative abundance indices by sub-area, year and depth stratum were computed for both M. barbatus and M. surmuletus, and expressed in terms of both number and weight per square kilometre. In addition, based on the total length (cm) measurements taken from a representative number of animals, the summary statistics together with the percentage length frequency distributions were estimated by year, sub-area and major depth stratum (10-200, 200-800 m) . Estimates were made by means of specifically developed software taking into account the surface of each sub-area and depth stratum (Souplet, 1996) . The above estimates indicated that the abundance of both species was negligible in waters deeper than 200 m (Tables 2-5). This was particularly true for M. barbatus where abundance indices had zero values in more than 60% of the total cases. For this reason further analysis was confined to depth strata up to 200 m (three in total: 10-50, 50-100 and 100-200 m).
In order to examine the effects of year and major area on abundance, and identify overall trends, the detailed relative abundance indices, i.e. catch per unit effort (CPUE) by sub-area and depth stratum, were standardised using General Linear Model (GLM) techniques (Gulland, 1956; Kimura, 1981) . CPUE indices were expressed in g/km 2 and the gen- 
where µ: overall mean A i : effect of major area i Y j : effect of year j D k : effect of depth stratum k Interaction: any possible combination of two effect interaction ε: error term assumed to be distributed normally As the surveys did not strictly coincide in all areas and were accomplished at the end, or just after the reproduction period, full recruitment to the fishery of the newly born individuals was not performed and could be traced only in some areas in certain years. For this reason, the use of biomass indices was preferred as they are expected to be less sensitive to spatio-temporal fluctuations, than number indices owing to the irregular presence of recruits. The constant 1 was added to all CPUE rates to account for few zero observations and the surface of the corresponding sub-area depth stratum was used as a weighting factor in order to take into account the relative size importance of each sub-area.
The measure of goodness of fit of the models was the coefficient of determination (R 2 ) and the proportion of the variation attributed to each factor was indicated by the eta-square statistic (Dixon and Massey, 1985) All statistical inferences were based on the 95% confidence level.
The percentage length frequency distribution of the catches was calculated on an annual basis, separately for each major area, from the corresponding sub-area estimates using as weighting factors the sub-area surface and relative abundance (number/km 2 ). Subsequently, by averaging the annual estimates the mean percentage length frequency distribution for the sampled period was estimated. Finally, summary statistics, including minimum, maximum, mean and standard deviation were calculated by major area and year.
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RESULTS
Abundance indices
The applied GLMs explained 45% and 61% of the total variance for M. barbatus and M. surmuletus, respectively. The Analysis of Variance (ANOVA) results revealed that differences among major areas were highly significant for both species (Table 6 ). The same was true for the depth-major area interaction, indicating that the species did not follow the same depth distribution pattern in all major areas. Differences among years and depth strata were also significant in the case of M. barbatus as well as the year-major area interaction in the case of M. surmuletus. The latter indicated that the inter-annual CPUE pattern differed among major areas.
The computed eta-squared statistics showed that, for both species, the highest proportion of the variation in the CPUE indices was attributed to differences among major areas. This was particularly true in the case of M. surmuletus where major area explains as much as 43% of the total variation.
Overall yearly fluctuations seemed to be greater for M. barbatus than for M. surmuletus (Fig. 1) . The spatial distribution of both species followed a rather complex pattern and there were noticeable fluctuations among areas particularly for M. surmuletus (Fig. 2) . M. barbatus was more abundant than M. surmuletus in all major areas and particularly in the northern Adriatic, eastern Ionian and northern Aegean seas. The lowest indices for M. barbatus were computed for Alicante, Sardinia, southern Adriatic and western Ionian seas and the highest for the northern and southern Aegean seas, as well as, the waters of Corsica. M. surmuletus was far less abundant in the Adriatic and Ionian seas while the highest indices were estimated for two areas of the eastern basin, the Argosaronikos gulf and the southern Aegean Sea.
The highest abundance index of M. surmuletus was estimated for the deepest stratum (100-200) of the shelf zone while M. barbatus seemed to prefer the more coastal strata (Fig. 3) . Mean biomass (in kg/km 2 ) estimated from the MEDITS trawl surveys per depth stratum, geographical sector and year (1994) (1995) (1996) (1997) (1998) (1999) .Not sampled strata are indicated by '*'. Values higher than 100 kg/km 2 are presented in bold. 
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Length frequencies
Mullus barbatus
The mean percentage length-frequency distributions by area are shown in Figure 4 . Results indicated that in most cases more than 70% of the catches was composed of animals lesser than 15 cm of total length.
In the western Mediterranean, length distributions appeared to be generally uni-modal and positively skewed, with the exception of the Alborán Sea, where three components could be identified. The length distribution patterns in the eastern Mediter- ranean were more complex, with the occurrence of two modal classes. The smallest modes corresponded to young of the year, i.e. recruits, while the largest ones to relatively older animals. tion, where two modal classes of similar strength, were observed at 9 and 12 cm, respectively. Time series of minimum, maximum and mean lengths by year and area in the western and eastern Mediterranean are shown in Fig 5. In the West, minimum values ranged between 9 and 11 cm, with the exception of Sardinia in 1996. The high value recorded in Corsica in 1997 was based on a very scanty sample of only 6 specimens. In the East, generally lower minimum sizes were recorded, ranging mostly from 4 to 10 cm.
Maximum lengths ranged between 15 and 27 cm and were generally higher in the western Mediterranean areas. In most of the cases values ranged from 20-24 and 18-22 cm in the western and eastern Mediterranean, respectively. Mean lengths ranged mostly between 13 and 15 cm. Smaller mean lengths ought to the high presence of recruits were evident in certain eastern Mediterranean areas, such as southern Adriatic, eastern Ionian and southern Aegean seas.
No trends over time were identified regarding minimum, maximum and mean lengths.
Mullus surmuletus
The mean percentage length-frequency distributions by area are shown in Fig. 6 . The main bulk of catches, which was more than 80% in several areas, was composed of animals having a total length up to 17 cm. The western Mediterranean length distributions generally appeared to be polymodal. However, apart from Ligurian, northern Tyrrhenian and Sardinian regions, where recruits were clearly distinguishable, in the other areas only relatively older animals were found.
Similarly, in the eastern Mediterranean, length distributions were also polymodal and the presence of recruits was clearly evident in all areas except the northern Adriatic and northern Aegean seas. The presence of recruits is responsible for the generally higher mean abundance indices -in terms of number/km 2 -that were observed in the above areas. Time series of minimum, maximum and mean lengths by year and area in the western and eastern Mediterranean are shown in Figure 7 . Apart from the cases where recruits were found, minimum values mostly ranged from 10 to 17 cm. The presence of recruits was much more common in the eastern Mediterranean and particularly in the southern Aegean Sea.
Maximum lengths were higher in the western Mediterranean, ranged mostly from 22 to 33 cm. The corresponding range for the eastern Mediterranean was 15 to 28 cm.
Mean lengths mostly ranged from 15 to 21 and 15 to 19 cm in the central and eastern Mediterranean areas, respectively. Smaller mean lengths ought to the high presence of recruits were evident in certain years, particularly in Ligurian, northern Tyrrhenian and southern Aegean seas. As in the case of M. barbatus, no time trend was identified on minimum, maximum and mean lengths.
DISCUSSION
The common sampling scheme followed in the present study gave, for the first time, the opportunity for a global study of the distribution of M. barbatus and M. surmuletus in the Mediterranean waters. In addition, the computation of standardised abundance indices permitted direct spatio-temporal comparisons as it removed effects that could bias nominal indices (Hilborn and Walters, 1992) .
The spatial distribution pattern of both species was rather complex and, at least to a certain extent, this can be attributed to the different biotic and abiotic conditions prevailing in each area. Past studies have shown that certain geological characteristics, such as the structure of the shelf, affect the species distribution. M. surmuletus prefers rough substrates, while M. barbatus is more abundant in muddy bottoms (Hureau, 1986; Fischer et al., 1987) . Lombarte et al., (2000) , who studied the spatial segregation of M. barbatus and M. surmuletus in the western Mediterranean, have also reported that M. barbatus shows a clear preference for the areas where the shelf becomes wider, while M. surmuletus prefers narrow shelf areas with rocky or sandy bottoms. In addition, ecomorphological studies suggest the existence of adaptive morphological and anatomical characteristics that allow M. barbatus to exploit better than its congeneric species resources from muddy and turbid bottoms (Lombarte and Aguirre, 1997) .
Apart from the habitat characteristics, the level of the different fishing activities should also affect the spatial distribution pattern of the species. For instance, the particularly long-lasting intense fishing exerted in some productive areas, such as the Adriatic (Papaconstantinou and Farrugio, 2000) may be responsible for the low indices computed for those areas. On the other hand, the groundfish trawling prohibition up to one mile from the coastline, operating in Greece since the mid 1960's, may at least partially explain the high abundance indices observed in the 0-50 m depth stratum of an area of low primary production such as the southern Aegean Sea (Dugdale and Wilkerson, 1988) .
Maximum lengths in the western Mediterranean were generally higher than those recorded in the eastern part. Similar findings for other demersal species were also reported in the past and attributed to productivity differences among areas (Azov, 1991; Stergiou, 1993) . Indeed, oceanographic studies have shown that the primary production in the western basin is double of that in the eastern (Margalef, 1985; Dugdale and Wilkerson, 1988) .
The MEDITS results indicated that M. barbatus was more abundant than M. surmuletus in all examined areas. However, this may not always be true, as the abundance of M. surmuletus may have been underestimated due to its preference for rough bottoms not always accessible by a trawl net. Although both species were found in all shelf strata, M. surmuletus showed maximum abundance in the 100-200 m depth stratum while M. barbatus showed maximum abundance in the 50-100 m depth stratum.. This finding is in agreement with the statement that M. surmuletus has a wider bathymetric range (Lombarte et al., 2000) .
Past growth studies suggested that M. barbatus and M. surmuletus individuals of lengths up to 15 and 17 cm, respectively, have not completed their second year of life (Andaloro and Prestipino Giarritta, 1985; Livadas, 1988; Morales-Nin, 1991; Levi et al., 1992 Levi et al., , 1993 Papaconstantinou, 1992a, 1992b; Vrantzas et al., 1992; Ardizzone et al., 1994; Relini et al., 1994; Spedicato and Lembo, 1994; Tursi et al., 1994 Tursi et al., , 1996 Reñones et al., 1995; Demestre et al., 1997; Fiorentino et al., 1998a; Voliani et al., 1998a; 1998c) . The high presence in the samples of fish up to those lengths implies that they were mainly composed of one and two year old fish.
Assuming that the size composition of our catches was representative of the population at sea it can be concluded that young fish dominated the stocks. Such a dominance, that makes the Mullus stocks extremely vulnerable to recruitment fluctuations, may be, at least partially, attributed to the high fishing pressure historically applied on the Mediterranean shelf area (Caddy, 1993; Farrugio et al., 1993) .
Our data failed to demonstrate any overall time trends on the abundance indices of both species suggesting the presence of at least stable recruitment rates during the studied period. Overall, it seems that the stocks are under a "stable overfishing" condition. The durability of some fisheries that are largely based on massive catches of juvenile fish is not rare in the Mediterranean and can be explained by the hypothesis of a good stock-recruitment relationship for low levels of spawning stock biomass (Farrugio et al., 1993) . In the present case, it can be speculated that the increased productivity of the Mediterranean basin during recent years (Papaconstantinou and Farrugio, 2000) has supported recruitment rates that compensate for the high fishing pressure. The ability of some Mullus species, such as M. barbatus, to delay their settlement until they reach suitable substrates (Kendall et al., 1984) , may also contribute towards successful recruitment Although no decreasing trends were identified, neither in the abundance indices nor in the maximum and modal lengths, the fact that Mullus stocks are so highly dependent on recruitment, makes the employment of measures to protect spawning and nursery areas necessary. Measures that include closed areas and seasons to bottom-trawl fisheries, and an increase of the mesh size of the net, would be beneficial and have also been suggested by several past authors (Hadjistephanou, 1992; Stergiou et al., 1992; Levi et al., 1993; Demestre et al., 1997) . The employment of such measures gave promising results in certain areas of the Italian seas (Potoschi et al., 1995; Pipitone et al., 1996; Relini et al., 1996; Ardizzone, 1998; Fiorentino et al., 1998b) . Consequently, it is expected that the recently applied ban of trawling in European Mediterranean waters at depths of less than 50 m, and the increase of the trawl cod-end mesh size, will favour the recruitment of Mullus species.
Areas of recruitment could not be traced from the presently collected data, as the surveys were accomplished (depending on the area and year) within or just after the reproductive period, occurring from May to July for M. barbatus (Larrañeta and Rodríguez Roda, 1956; Livadas, 1988; Vrantzas et al., 1992; Tursi et al., 1994) and April to June for M. surmuletus (Morales-Nin, 1991; Vassilopoulou and Papaconstantinou, 1992b) . Consequently, recruitment was not generally evident, apart from certain years, in eastern Mediterranean areas.
